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EFFECT OF SOYBEANS ON CORN YIELDS
By H. B. BROWN*
INTRODUCTION
During recent years there has been a decided
increase in the
number of acres of soybeans grown in the United
States. In the
Northern States, the plant is grown for hay, soil
improvement, and
for the grain or seed from which oil is extracted
and food made.
In the Southern States the plant is used
principally for hay and for
improving the soil.
With the increase in the use of the soybean
have arisen many
questions in regard to its use in cropping systems
and in corn culture.
A number of experiment stations have carried on
cultural experi-
ments, but results have differed considerably,
due, no doubt, to the
different soil and environmental conditions
prevailing at various
places. The kinds of soybeans grown and conditions
vary so much
that it is necessary to conduct many experiments. The
object of the
research outlined in this bulletin was to get
information on the ef-
fect of soybeans on corn production in central and
southern Louisiana
when the two are planted in the same row at the same
time; when
planted in alternate rows and in the same row; when various
rates
of bean seeding are used; and on the value of the
soybean as a soil
renovater when plowed under or taken off for hay.
Materials and Methods
The soil in southern Louisiana is generally fertile
and there is
usually abundant rainfall. Plants tend to make luxuriant
vegetative
growth. The particular land used in the experiments
mentioned
below was land that had been farmed for many years but
was m fair
condition in respect to fertility. Experiments 1, 2, and 4
mentioned
below were conducted on a bench land, classed as
Denham silt loam.
It was formerly classed as Memphis silt loam.
Experiment 3 was
conducted on Mississippi River alluvial land. All the
plats were
fertilized each year before planting with 300 pounds of 16
per cent
superphosphate, 50 pounds nitrate of soda, and 50 pounds of
muriate
of potash per acre.
Cocke's Prolific, a vigorous-growing,
medium-late, prolific
variety of corn was used in experiments 1, 2, and 4,
while Yellow
Creole, a similar variety in period of maturity and
vegetative growth,
was used in the third. Otootan soybeans, or another
variety of the
same spreading and viney type, were used.
*At present the soybean work of the Louisiana Agricultural
Experiment Station
ft in Se of'John P. Gray. The projects discussed in this bulletin were started
hv the Ser beSe Mr. Gray took charge of the soybean work and were con-
tinued until cornplSed However, thanks are due Mr. Gray,-
John Cotton, and
other of my aT^ociates in the Crops and Soils Department for assistance m
various ways.
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Except in the rate of seeding test, the planting was done with
a one-horse planter on which there was a duplex hopper with six
cups on a side. This planted hills of corn and beans in alternation,
the hills being 27 inches apart. The rows were four feet apart.
There were from three to five kernels of corn and six or eight beans
dropped in a hill. The seeds of both were scattered somewhat as
they fell. In 1933, the corn plants were thinned to two in a hill.
Other years they were thinned to one stalk. The beans were not
thinned. Good stands were secured, as a rule, but they were damaged
somewhat by birds and insects. Some replanting was done nearly
every year.
Five-row plats containing approximately one-twentieth acre each
were used with four or five replications. Only the three middle rows
of the plats were harvested for experimental weights. The corn was
planted about March 20 each year. This is considered a good date
for planting corn in the locality.
Effect of soybeans on corn yields when planted in the corn row
at the time the corn was planted.
As a rule, soybeans growing in a row of corn tend to interfere
with the growth of the corn somewhat like weeds do when growing
in the row. The heavier the growth of the bean vines, the poorer
the soil, and the scarcer the supply of moisture in the soil, the more
harm the beans do. In general, it appears that they do more harm
to the corn in the Northern States than in the South.
Hackleman (1) and others at the Illinois Experiment Station in
a four-year test found that in checked corn, soybeans planted in the
hills of corn reduced yields of corn 10.17 per cent, but that the com-
bined feeding value of the corn and soybeans was considerably more
than that of the corn alone. The digestible protein per acre on the
"corn alone" plats was 136.3 pounds, while the protein from corn and
Ebony soybeans was 212.5 pounds; corn and Hong Kong soybeans,
204.6 pounds; and corn and Ito San soybeans, 165.2 pounds. The Ito
San soybeans, an early dwarf type, damaged the corn less than the
others, but made the least protein.
Thatcher (2) of the Ohio Experiment Station reports that, in a
five-year test of corn and soybeans, at a medium rate of planting
(corn plants 12-14 inches apart and soybeans 4-5 inches) the corn
and soybeans together yielded 34.9 pounds more grain per acre than
the corn alone. Sixteen and four-tenths (16.4) per cent of the
grain mixture was soybeans.
At the Kentucky Station (3), in a six-year test, there was an
average loss of 5.7 bushels of shelled corn per acre when soybeans
were planted in the corn, while the beans yielded 3.5 bushels of
grain per acre.
The Missouri Experiment Station (4) reports that a five-year
average yield of corn on average upland soil was 42 bushels per acre.
5
In a corn and soybean combination on the same land during the same
period the yield of corn was 35 bushels per acre and the soybeans
3.5 bushels.
Mooers (5) of the Tennessee Experiment Station reports that
the average yield of six crops of corn grown with soybeans on land
of good productivity was 32.3 bushels per acre; whereas, under other-
wise like conditions, corn alone produced 49.9 bushels, or 17.6
bushels more per acre. The grain yields of the beans in the corn was
17.1 bushels per acre. This just about balanced the corn loss. If the
feeding value of the combination crop or its effect on the soil is
considered, it is evidently the more desirable crop of the two.
Ayres (6) of the Mississippi Delta Experiment Station at Stone-
ville, Mississippi, reports averages of a four-year test of corn and
soybeans on alluvial land as follows: corn alone, 24.2 bushels per
acre; corn and beans in same row and planted at the same time,
17.7 bushels of corn and 7.1 bushels of beans. The grain total of the
combination crop was 28.8 bushels, which was slightly more than the
corn alone. When the beans were planted in the row of corn three
weeks after the corn was planted, the corn produced a yield of 22.5
bushels of grain.
Experiments similar to the ones mentioned above have been
carried on by other Experiment Stations. Results have been similar.
In practically every case, there was considerable decrease in the
grain yield of corn when soybeans were planted with the corn, but
this loss was about balanced by the weight of the bean grain. Very
few of the experimenters state whether or not the corn and beans
were grown on the same land successive years. Since they do not
mention any improvement of the soil due to the continued use of the
beans, it may be assumed that the corn and bean plats were moved
from year to year.
Louisiana Experiments
In 1929, experimental work was started by the Louisiana Ex-
periment Station to obtain some, information on the questions men-
tioned on the first page of this bulletin. The experiments were car-
ried on satisfactorily for a period of five years, but had to be dis-
continued then due to the use of the land for building sites.
1929 Experiments
Corn yields depend to a considerable extent on the amount of
rainfall and on its distribution throughout the corn growing season.
The dependence is even greater when soybeans are planted in the
corn. The following weather tables show the Baton Rouge rainfall
from March to August for the years that the experiments were run,
and may be of some aid in interpreting results.
6
Rainfall at Baton Rouge, Louisiana, in 1929.
M rt, Total for Departure SnTnlionth Month from Normal with .01 or more
inches of rain.
March 5.40 +0.55 8
April 1.76 —2.93. 6
May 9.30 +4.50 12
June 5.90 +1.11 13
July 3.75 —3.02 13
August 6.21 —0.45 12
Plat Weights of Ear Corn in 1929
Plats with corn and beans Plats with corn alone
Series I 22.6 18.5 16.4 29.1 23.8 26.1
Series II 16.5 14.4 13.1 23.4 24.9 21.5
Series III 24.7 20.7 19.2 24.9 28.8 35.6
Series IV 22.4 22.1 24.7 33.7 34.1 30.4
Series V 17.9 20.2 21.0 29.0 36.8 38.8
Total Weight 294.4 pounds 440.7
Bushels per acre 28.0 ± .87 41.9 ± 1.34
The plats with soybeans had an average of 31 stalks per row,
while the ones without beans had 37.6 stalks. Figuring the yields on
the basis of equivalent stands, the yields are 33.9 and 41.9 bushels
per acre. This makes a difference of eight bushels per acre. Basing
yields on stalk numbers in this way probably gives the plats with the
lower number of stalks some advantage. However, the plats without
beans had more stalks blown down or lying on the ground, and the
ears were heavier because they contained more moisture. These two
factors practically balance each other. Using the figures for equiva-
lent stands, the plats with beans yielded 19.1 per cent less corn than
the ones without beans.
The beans in the plats made vigorous growth and covered all the
space between the rows. A yield of 4020 pounds of dry soybean hay
was made. There was a fair crop of bean seed, but these were not
harvested. All of the bean residue was left on the land each year.
The "corn alone" plats yielded several more bushels of grain
than the plats with beans, but if we consider the value of the soy-
bean hay produced and, in addition, the soil improvement from the
use of the beans, it was evidently more profitable to have them.
7
Rainfall at Baton Rouge, Louisiana, in 1930
„ n Number of daysw .l Total for Departure with .0 l or moreMonth Month from Normal inches of rain.
March 4.91 +0.06. 14
April 2.01 -2.68 3
May 6.23 +1.43 7
June T. -4.79 0
July 4.92 —1.85 10
August 4.85 -0.91 9
The corn-growing period of 1930 was considerably below the
normal in amount of rainfall.
Plat Weights of Ear Corn in 1930













































*A part of each plat was blocked off and not harvested for yield.
The season of 1930 was drier than a normal season and the soy-
beans in the corn reduced yields more than usual. There was a loss
of 33.6 per cent due to the effect of the beans. A yield of 2736
pounds of soybean hay was produced.













July 6.42 —0.35 14
August 8.23 + 2.47 16
The crop season of 1931 had less rainfall than a normal season.
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Plat Weights of Ear Corn in 1931
Plats with corn and beans Plats with corn alone
Series I 20.8 19.9 18.8 13.0 11.0 12.8
Series II 15.4 15.5 14.3 12.8 12.4 16.7
Series III 15.3 17.3 13.6 13.5 17.5 14.6
Series IV 12.0 11.1 15.3 11.2 17.8 13.1
Series V _ _ 13.8 15.4 13.7 13.5 9.3 16.3
Total plat weight 232.2 pounds 205.5 pounds
Bushels per acre 22.1 ± .68 19.6 ± .68
The season of 1931 was too dry for good corn yields. The soy-
bean plats that year made slightly higher yields than the "corn alone"
plats. The beans had some beneficial effect on the soil, probably
because the plats that had grown beans made 12.7 per cent more corn
than did the plats which had' not had beans. The soybeans made
good growth, but no hay weights were taken.





with .01 or more
inches of rain.
March 3.21 —1.68 7
April 5.49 +1.11 7
May 8.39 +3.66 11
June 2.80 -1.97 7
July 7.53 + 1.15. 15
August 5.52 —0.12 15
The rainfall during the growing season of 1932, with the excep-
tion of May, which was rather wet, was nearly normal.
Plat Weights of Ear Corn in 1932
Plats with corn and beans Plats with corn alone
Series I 23.0 24.5 23.5 21.0 18.5 17.0
Series II 21,5 27.0- 26.5 21.0 19.0 18.0
Series III 24.0 24.5 25.5 16.0 18.0 15.5
Series IV 22.5 26.0 23.5 13.5 13.5 17.0
Series V 34.0 36.5 31.0 18.0 16.0 18.5
Total plat weight 393.5 pounds 260.5 pounds
Bushels per acre 40.5 ± 1.21 26.7 ± .60
Yields were fairly good in 1932. The bean plats outyielded the
others by 51.7 per cent. The growth of the bean vines was good,
3478 pounds per acre of dry hay being produced.
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Except for April, the rainfall during the 1933
corn growing
period was about normal.
Plat Weights of Ear Corn in 1933
Plats with corn and beans Plats
without beans
Series I 26.0 22.6 25.8 16.0
13.1 11.7
Series II 18.5 12.0 15.3 13.0
11.7 9.0
Series III 17.1 17.1 18.5 12.7
14.6 15.9
Series IV 15.3 16.6 14.3 10.6 13.9
15.8











During the fore part of the growing season of 1933, the
corn
in the corn and bean plats made splendid growth and gave
promise
of making much better yields than the corn in the "corn
alone"
plats. However, during June the weather became rather
dry for
corn. The corn in the corn and bean plats was affected worse
than
in the other plats (see Figure 1.) and lost some of its
margin, but
it yielded more than the corn in the other plats by 35.2 per
cent.
As may be seen in Figure 1, the beans in the corn and bean plats
it
Figure 1
Corn plats with and without soybeans
a. Corn and soybeans,
b. Corn alone.
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made good growth. Though the hay samples were taken before the
beans had reached full growth, the hay yield was 2200 pounds per
acre. The corn stover in the corn and bean plats weighed 5.8 tons
per acre, while the stover from the "corn alone" plats weighed 4.4
tons. It was observed that the corn plants fired worse in the "corn
alone" plats than in the other set, and that the soil renovating effect
of the soybeans affected the two outer rows of the adjacent plats
which had no beans. The effect was confined principally, though,
to the outside row.
Figure 2 shows graphically the grain yields of both sets of plats
for the entire period. There are some irregularities in the curves due
to weather conditions of different years. However, it will be ob-
served that the general trend of the curve for "corn alone" plats is
downward, while that for the other plats is upward. The land at the





° 1929 1930 1931 1932 1933
Figure 2
Bushels of corn per acre with and without soybeans planted in the row of
corn when the corn was planted.


































































































































































































































































































































































































































































































































































































good yields on the "corn alone" plats. After the first two years,
there was a decided falling off in production in the "corn alone"
plats. The soybeans in the other series of plats lowered yields
decidedly the first two years compared with the "corn alone" plats,
but after that their beneficial effect on the soil began to show and
yields were increased.
The number of stalks per row, shown in columns 4 and 5, varied
some, although the same amount of seed was planted in each row
each year. Four years out of the five the "corn alone" rows had
the larger number. This probably gave the "corn alone" plats a
slight advantage, although the advantage was somewhat less than
the difference in the number of stalks would indicate. If the number
of stalks is increased, the yield of each stalk is somewhat less.
Columns 6 and 7 show that considerably more corn stover was
produced by the corn and bean plats in 1933 than was produced on
the ''corn alone" plats. Unfortunately, corn stover yields were not
taken other years. It was very evident, though, judging from the
looks of the corn, that there was more corn stover on the corn and
bean plats during the later years of the experiment. During the first
two years, the "corn alone" plats probably made more.
Every year the soybeans made good growth and covered prac-
tically all of the ground both in the rows and between. This served
to prevent the growth of grass and weeds on the bean plats. There
was considerable growth of grass and weeds on the other plats after
the corn was laid by. All of the plats were plowed during the fall
each year, and summer growth turned under. During the winter,
there was a prolific growth of chickweed and other winter annuals
on the plats that had grown beans, but slight growth on the others.


















1. Corn and beans 2.060 .120 .ioa .170 6.1
2. Corn alone 1.620 .105 .081 .150 6.1
3. Corn and beans 1.560 .0975 .078 .240 5.9
4. Corn alone ._. 1.440 .090 .072 .250 5.8
5. Corn and beans 1.62a .0875 .081 .150 5.9
6. Corn alone 1.580 1.000 .079 .130 5.7
7. Corn and beans 1.680 .095 .084 .240 5.7
8. Corn alone 1.440 .080 .072 .180- 5.7
9. Corn and beans 1.660 .080 .083 .210 5.8
10. Corn alone ... 1.620 .095 .081 .180 5.7
Av. corn and beans - 1.716 .096 .085 .202
Av. corn alone 1.540 .094 .077 .178
* The soil analysis was made by A. P. Kerr and his associates.
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A large number of Diabrotica beetles was observed to be wintering
on this growth, during the winter of 1932-33. It was feared that
these beetles would cause much budworm trouble in the corn on the
bean plats the following spring, but a count of infested plants in the
plats showed worse infestation in the corn where there had been no
beans. We cannot give the reason for that. The covering of winter
weeds probably lessened erosion to some extent. The corn stalks on
the corn alone plats lodged or blew down worse than on the other
plats.
During the winter of 1932-1933, ten samples were taken from
the topsoil of each plat in the corn and soybean experiment and an
analysis made. The results are shown in Table 2. When the samples
were taken, the experiment had run four years on the same plats.
The effect of the soybeans seems to be reflected rather clearly in the
soil analysis. There is a considerable increase in organic matter in
the soil, as was to be expected, and good increase in total nitrogen.
There also appears to be a decided increase in the amount of potash.
This, however, may be more apparent than real. The subsoil of this
land contained considerably more potash than the top soil. If in
sampling more of the subsoil were taken up, the sample would natur-
ally test higher in potash.
Residual Effect of Soybeans in Corn on the Following Cotton Crop
It has been seen that growing soybeans in corn increased the
yield of corn on the plats in subsequent years, and also improved the
chemical composition of the soil. It has been observed by many
cotton planters that the growing of a crop of corn and soybeans one
year has a decidedly beneficial effect on the cotton crop that follows
the next year. Ayres (6) of the Mississippi Delta Station secured
an increase of 657 pounds of seed cotton per acre from soybeans
planted in the corn row at the time the corn was planted, 717 pounds
increase when planted in the row three weeks after the corn was
planted, and 836 pounds increase when planted in rows alternating
with the corn rows.
In the Louisiana experiments, cotton on the land that had been
in corn and soybeans for five years made a much more vigorous
growth than cotton that followed corn alone. Compare Figures 3 and
4. The average height of the cottons plants on the bean plats was
39.9 inches, while the average height of the cotton plants on the
other plats was 27.5 inches. The cotton on the plats that had grown
beans made approximately 100 per cent more cotton than the cotton
on the other plats. The yield was reduced by boll weevils and in
neither case was great, being about 937 pounds seed cotton per acre
on the higher yielding plats.
Corn and Soybeans for Silage
Several experiment stations , have carried on experiments to
determine the value of planting soybeans in corn for silage. Results
14
Figure 4
Cotton on land that had grown corn alone for five years.
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have varied some. The Ohio Station (2) compared Clarage com, a
variety maturing a grain crop in a normal season, and Blue Ridge
corn, a late silage variety, with and without soybeans for silage,
during a seven-year period. Clarage corn alone averaged 8.28 tons
of silage per acre, and Clarage corn and soybeans, 7.96 tons; Blue
Ridge corn alone, 12.57 tons, and Blue Ridge and soybeans, 12.23
tons. The combination crop was slightly lower in yields, but prob-
ably of a higher feeding value, due to the higher protein content of
the soybeans.
Odland (7), of the West Virginia Station, as a result of experi-
ments carried on for five years, found that there was neither a
significant increase or decrease in total yield of the combination crop
as compared with corn alone if the corn was planted at the same rate
as in the combination. He concluded that the advantage of the
combination must come from its higher feeding value.
The Connecticut Experiment Station got an increased yield of
about a ton of green matter from the combination crop. Iowa Sta-
tion also secured increased yields. Others have obtained' similar
results.
Unfortunately, in our experiments the corn stover weights were
taken only one year. This year, which was the last year the experi-
ment was run, showed an increase of 4.7 tons of green matter per
acre for the combination crop. If weights had been taken the first
two years of the experiment, the gains would have been much less.
In none of the experiments from, which we have seen data has
the total value of the silage been reduced by growing beans in the
corn. Other experiments have shown a decided increase. Since the
use of the beans makes the silage considerably richer in protein, it
seems that there is no question but that it is advisable to use them.
Economy of Growing Corn and Soybeans Together
When soybeans are planted in corn and they reduce the corn
yield 20 per cent or more, it may seem that it is poor economy to use
them. However, if we consider the value of the bean hay or the value
of the bean seed produced in addition to the value of the corn, a
different picture is presented even for the first year the beans are
grown. On the Experiment Station farm for the five years ending
1933, Otootan soybeans, when grown alone, yielded on the average
6179 pounds of air-dry hay per acre. The first year the corn and bean
experiment mentioned above was run, the "corn alone" plats made
41.9 bushels per acre. Two acres, then, when the crops were grown
separately made 41.9 bushels of corn and 6179 pounds of hay, or an
average per acre of 20.9 bushels of corn and 3089 pounds of hay.
The corn and beans together the first year the experiment was run
made 33.9 bushels of corn and 4020 pounds of hay. This was a con-
siderably better acre production of both corn and hay than when the
two were grown separately. Later years, after the beans had been
16
grown on the land for a time, the margin in favor of the combination
crop was even greater. Growing the beans on the land every year
would evidently have a greater beneficial effect on the soil than
when grown every other year in case a two-year rotation of corn and
soybeans was used.
It may be suggested that if the corn and soybeans are grown
together it is a difficult matter to save the soybean hay. It is true
that it is more trouble to save the hay, but it is not such a hard task.
After the corn grain has been gathered, the corn stalks and beans
may all be mowed and put up for hay. The corn stalks add to the
bulk considerably, but they furnish some additional feed. The corn
may be cut and shocked and then the bean vines mowed, if pure
soybean hay is preferred.
Mooers (5) of the Tennessee Station reports results similar to
the ones given above, except that he gives yields of soybean seed
instead of hay. He found that as an average of six crops when Tokio
soybeans were grown alone, grown with corn, and corn grown alone,
the corn alone produced an average of 49.9 bushels per acre; the
beans alone, 25.9 bushels; the mixed crop yielded 32.3 bushels of
corn and 17.1 bushels of beans per acre. The average acre yield for
the two acres grown separately was 24.9 bushels of corn and 12.9
bushels of beans. For acre production, this shows a decided margin
in favor of the mixed crop. Other investigators have secured results
similar to the ones given in the two experiments mentioned above.
Considering these figures, it seems that it is considerably more eco-
nomical to grow the two crops together.
Effect of Soybeans on Corn Yields
When Planted in the Same and in Alternate Rows
In some localities, soybeans that are planted in corn are planted
in rows alternating with the corn rows. When planted in this way,
both the corn and beans are more easily harvested, but there may be
some question as to whether or not this is the most profitable way
to plant them. Akers and Westover (8) of the U. S. D. A. Forage
Crop Field Station at West Point, Mississippi, tried planting corn
alone, corn and Otootan soybeans in alternate rows, and Otootan
soybeans alone. The corn alone made 23.5 bushels per acre; and the
corn in rows alternating with bean rows, 14.3 bushels. The beans in
the rows alternating with the corn made 1.1 tons hay per acre, while
the beans alone made 2.2 tons of hay. The spacing of the corn
plants in the two methods of planting mentioned is not given, but
probably the stalks stood the same distance apart in the two sets of
rows.
Etheridge and Helm (4) of the Missouri Experiment Station
found that corn alone, planted three stalks to the hill in check row
hills 44 inches apart each way, yielded 37.8 bushels of corn per acre;



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































but with rows alternating with rows of soybeans, yielded 25.4 bushels
of corn. The beans in this test when grown alone yielded at the rate
of 14.1 bushels per acre; when grown in rows alternating with corn
rows, 8.5 bushels. The two crops when planted separately gave an
average yield of grain per acre, beans and corn, of 25.9 bushels.
When they were planted together in alternate rows, the average acre
yield of grain was 33.9 bushels.
Louisiana Experiments
The Louisiana experiments with corn and soybeans in the same
row and in alternate rows were carried on on plats adjacent to the
plats on which the experiments with "Corn with and without soy-
beans" were conducted. Soil, fertilizer, and weather conditions were
about the same, and the same varieties of corn and beans were used
in the two experiments.
Bushels
1929 1930 1931 1P3Z 1933
Figure 5
Relative yields of corn when planted in rows alternating with soybean row's
and when both are planted in the same row.
In Alternate Rows ------- Both in same Row
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In the alternate row experiment, two sets of plats of four each
were used. There were three rows of beans and three rows of corn
in each plat of one set, and six rows of corn with beans in all of the
rows in the other set. The same amount of seed corn or of soybeans
that was planted in three rows in one case was planted in six rows
in the other, and when thinning the corn, an effort was made to
preserve the same ratio. However, in four cases out of five there
were some more plants in the six-row plats of corn. The beans were
not thinned. The plats were rotated every year; that is, land used
for the alternate row plats one year was used for the "every row"
plats the next.
Figure 5 shows graphically the comparative yields, in bushels of
corn, for the two sets of plats in the alternate row and "every row"
experiment. The curves for both sets of plats are somewhat irregular,
due to variation in weather conditions different years, but they vary
together. The weather in June during both 1930 and 1931 was too
dry to be favorable for corn production. In 1933, a hail-storm
damaged the corn considerably. Tables 3 and 4 give details of yields.
In all cases the plat that had the larger number of corn plants led
in yield of grain. In 1929 and 1930, the acre yields were computed
on the basis of uniform stands. The difference was barely signifi-
cant. In 1932, a year when corn made good yields, there was a con-
siderable margin in favor of the "every row" planting. On the other
hand, in 1930, which was the driest year during the progress of the
experiment, the alternate row planting made the most corn. Al-
though the evidence is not very conclusive, it appears that under the
less favorable conditions, the alternate row planting may be the most
satisfactory. This accords with the views of farmers in poor land
areas, and in regions where droughts are common.
The comparative difference in hay yields in Table 3 is not great
enough to be significant. However, if the matter of harvesting the
hay is considered, there is some advantage in favor of the alternate
row planting.
Weights of corn stover produced were taken only in 1933. This
year there was a considerable margin in favor of the "every row"
planting. Judging from the appearance of the corn in the plats, the
every row plats probably had the greater weight every year.
Since the "every row" system of planting made considerably
more stover per acre, this is doubtless the best to use in growing
corn for the silo. The soybeans made slightly greater tonnage in the
alternate rows, but the difference was not great enough to balance
the loss in corn stover.
If we compare the alternate row planting with the "corn alone"
and "beans alone" plats nearby, we find that the yields are better in
the combination crop. The average yield of soybeans alone for a
five-year period was 6449 pounds of dry hay per acre; the average
yield of "corn alone" for the five-year period was 30.6 bushels. This
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gives an average acre yield of 3224 pounds of hay and 15.3 bushels
of corn. The combination crop during the same period of time gave
an average of 25.7 bushels of corn and 2803 pounds of hay per acre.
Since the plats of the alternate and "every row1" planting ex-
periment were rotated each year, no difference in the residual effect
was to be expected.
Effect of Rate of Soybean Seeding in Corn on the Production of Corn
Grain, Corn Stover, and Soybean Vines
It is the general consensus of opinion that increasing the rate
of seeding soybeans in corn will result in increased reduction of corn
yields. Unfortunately, not much study has been made of this ques-
tion. Etheridge and Helm (4) of the Missouri Experiment Station
found that with corn in hills 44 inches apart each way, three stalks
of corn and one bean plant per hill gave a yield of 52 bushels of corn
and 0.9 bushels of soybeans; three stalks of corn and two stalks of
beans, 48.1 bushels of corn and 2.6 bushels of beans; three stalks of
corn and three stalks of soybeans, 41.0 bushels of corn and 4.4
bushels of beans.
Odland (7), in West Virginia, observed that with corn planted
in hills 30 inches apart, two stalks of corn and one of soybeans in a
hill gave a yield of 33.4 bushels of corn. With the same amount of
corn and two bean plants to the hill, the yield was 33.1 bushels of
corn per acre. This was an average of a five-year period. The dif-
ference is probably not significant.
Louisiana Experiments
The Louisiana experiments with the rate of seeding soybeans in
corn were conducted under conditions similar to the other local ex-
periments discussed previously, except that they were conducted on
rather fertile Mississippi River alluvial land. Yellow Creole corn and
Otootan soybeans were used. This variety of corn is similar to the
variety used in the other tests, except for the color. A rate of seeding
of 10, 15, and 20 pounds of beans per acre was used. The corn was
in rows four feet apart, and in hills 27 inches apart, two stalks to the
hill. The beans were planted in the corn row when the corn was
planted. The corn yields were considerably higher than the yields
in the bench land tests previously discussed. This difference was due
principally to the richer soil here. The soybeans also grew well,
covering the ground in the middle completely.
Table 5 gives data on yields of the rate 0$ seeding experiment
for the five-year period that it was run. The corn stover weights
were taken when the corn was ready for the silo. Soybean weights
were taken at the same time. The corn grain weights were not taken
until the ears were thoroughly dry.
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iyou 48 4 17,000
Ten Pounds Beans
1 QQ1 \JO.V 92 656 7,000
Per Acre 1932
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1933 72.3 23,980 7,752
Average 61.9 22,699 12,010
-i n o nI9zy DO. / 1 4 550
1 Q30 44.5 18,632
Fifteen Pounds Beans 1 Q31XV O 1 5Q fi 24,187 10,070
Per Acre 1932
OA QAAzu,y uu lo,Ooo
J. v oo fi7 ft 21,418 9,656
Average 58.8 22,168 13,315
1929 62.1 13,750
1930 46.1 19,312
Twenty Pounds Beans 1931 58.7 23,843 12,800
Per Acre 1932 19,910 14,713
1933 65.9 23,489 8,840
Average 58.2 22,414 13,883
* No com stover weights were taken in 1929 and 1930., No corn grain weights
were taken in 1932.
From the data given in Table 5 it appears that the difference in
rate of seeding was not sufficient to make any significant difference
in corn yields or in yield of corn stover. Had the range in rate been
greater, the land less fertile, or the supply of moisture more scanty,
the difference in effect would doubtless have been greater. The
difference in the rate of seeding the soybeans does appear to have
had a consistent effect on the weight of the soybean vines. This is
in accord with expectations. An increase in the number of plants
would naturally be followed by greater weight.
Effect of Soybeans on the Following Crop of Corn
When the Beans Are Cut for Hay or When Plowed Under
A considerable amount of experimental work has been done to
determine the effect of various legumes on the growth of the follow-
ing crop when cut off for hay, or when plowed under. Most of the
work has been done with the clovers' and alfalfa, but during recent
years soybeans have been used considerably in the experiments.
Mooers (9), of the Tennessee Experiment Station, obtained a
yield of 27.1 bushels of corn per acre when the corn was grown con-
tinuously, a yield of 35.5 bushels where the corn followed a crop of
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beans that were removed for hay, and 39.7 bushels after the beans
were turned under. These figures were an average from a six-year
experiment.
In 1922, McClelland (10), at the Arkansas Experiment Station,
found that plowing under soybeans increased the yield of corn 12
per cent over removing for hay. In 1924, it gave an increase of 16
per cent.
Uhland (11), at the Missouri Experiment Station, estimated
from his experiments with soybeans that a crop turned under as
green manure added about 70 pounds of nitrogen to the soil; when
beans were cut for hay and manure returned to the soil, 30 pounds;
when harvested for seed by use of a combine harvester (all plant
parts returned except seed), there was a loss of about 4 pounds of
nitrogen per acre; and when harvested for seed in the usual way
(only roots and part of the leaves left on the land), a loss of about
28 pounds of nitrogen per acre.
At the Ohio Experiment Station, as mentioned by Morse (12),
it was considered that the stubble and roots left after hay was re-
moved had only 10 per cent of the weight of the hay and contained
6 pounds of nitrogen per acre. The hay removed contained 128
pounds of nitrogen.
From the figures given in the two cases just mentioned, it ap-
pears that if soybeans are cut for hay, they will not increase the
fertility of the soil. In a number of cases it has been observed, how-
ever, that soybeans removed for hay did enrich the soil, as shown by
increased yields of the following crop. Morse (12) mentions that at
the Virginia Station wheat, following a crop of soybeans that had
been removed for hay, gave an increase of 3.5 bushels per acre, and
when the entire crop of soybeans was turned under as green manure,
a further increase of 6.6 bushels.
Andrews, of the Mississippi Station, found that when Otootan
soybeans were grown in white sand in pots in a greenhouse the roots
weighed 23.4 per cent as much as the tops, and when grown in sandy
loam soil under otherwise like conditions, the roots weighed 24.3
per cent of the tops. The percentage of nitrogen in the roots ran
higher than in the tops in both cases. The percentage of roots ob-
tained by Andrews is higher than is ordinarily estimated, but the
writer is inclined to think that it is probably more nearly correct.
If the plants are grown in pots, the whole root system is obtained,
but if grown in a field, this is practically impossible.
A limited amount of study of soybean root systems in the soil
has indicated to the writer that they are more extensive than is
generally thought. Figure 6 shows a part of the root system of an
Otootan soybean plant that we excavated. This plant was wide
spaced so that the roots could be traced with a certainty. If other
plants had been nearby, there would have been a mixing of root
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Figure 6
Soybean root system.
systems and confusion. The plant was grown on rather fertile alluv-
ial land and attained a height of about four feet and a spread of ap-
proximately four feet. In the excavation, only a part of the roots
were traced out, although a hole "apparently" nearly large enough
to bury a haystack was dug. Enough work was done to show that the
root system was extensive, that it had a lateral spread of more than
eight feet, and that some of the roots penetrated the soil to a depth
of six feet. (The foot ruler shown by the plant stem in Figure 6
will serve as a measure in judging the spread of the root system.) It
seems certain that the total mass of roots, when the plant approaches
maturity, is considerable. Probably an additional quantity of organic
or chemical material, in the case of nitrogen, has been placed in the
soil by the decay of root tubercles and tender parts of the roots
during the growth period of the plant.
Louisiana Experiments
The Louisiana experiments to determine the effect of soybeans .
on soil fertility when cut off for hay and when turned under were
started on bench land soil in 1929. There were twenty one-row plats
for each of three treatments. The general conditions of the experi-
ment were about the same as outlined on the first pages of this
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bulletin. In 1929, one-third of the plats were planted in corn, while
the rest were planted in Otootan soybeans; 4263 pounds of hay per
acre were grown. The beans on one-half of the bean plats were cut
for hay and were turned under on the other half. In 1930, all the
plats were planted in corn. The corn yield's were used as measure of
the soil fertility. In 1931, the plats that had been in beans were
again planted in beans, and so on, a rotation being used each year.
The corn plats that were used as a check were allowed to lie fallow
in 1933.
Table 6, which follows, gives the individual plat yields for the
entire experiment, the average number of plants for each plat, the
bushels of corn per acre for each treatment, and the percentage of
gain in yield for the different treatments. In 1934, the yields were
reduced on all the plats by the tropical storm on June 16 which
damaged the plants. The number of mature corn plants per plat
averaged very nearly the same if the whole period of the experiment
is considered. The figures ran as follows: plats with beans turned
under, 48.9; plats with beans cut for hay, 48.3; plats without beans,
47.6
Discussion
As has been mentioned previously, soybeans ordinarily grow
large when grown in Central and South Louisiana. This, coupled with
the fact that lack of nitrogen is the chief limiting factor to crop
production on much of the land, will probably help account for the
decidedly beneficial results that were obtained from the use of soy-
beans. In states where the bean plants attain a height of 12 to 18
inches, the harmful effect on the current crop of corn is not so great
when the beans are planted in the corn, but the beneficial effect is
not so great.
Planting soybeans in late corn, that is, in corn planted after the
first of June, has not proven very satisfactory in our tests at Baton
Rouge. The beans germinated and started growth, but did not attain
much size. In no case have beans made good growth when they were
planted after the corn had come up. This has been especially true of
beans planted after the corn was laid by. If planted after the corn
plants have become large, the seed may germinate well, but the
young tender plants cannot meet the competition of the large corn
plants. They usually make rather feeble growth for a time, then a
little later many plants die. However, in some areas soybeans planted
in the middle of wide rows, say 5 or 6 feet wide, may make fair
growth, provided the beans are not planted until the corn is getting
past the stage when it takes a large amount of water from the soil.
Different varieties of soybeans vary somewhat in their harmful
effect on the corn in which they are planted, and in their beneficial
effect on the soil. The early dwarfish varieties, like Ito San, do not











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































soil like Otootan, a variety that makes heavy growth. At West Point,
Mississippi, Akers and Westover (8) studied the effect of three
prominent southern varieties of soybeans: Laredo, Otootan, and
Biloxi. The effect of these three varieties did' not differ greatly.
When planted in corn the Laredo produced 1.37 tons of hay, and the
corn made 13.19 bushels of grain per acre; the Otootan made 1.36
tons of hay, and the corn, 16.68 bushels; the Biloxi made .79 tons
of hay, and the corn, 17.95 bushels. It is probable that in their test
there were better bean stands in the Laredo than in the others. The
Laredo plants have a much smaller habit of growth than the Biloxi,
and some smaller than the Otootan.
In our experiments the Otootan variety, or other varieties of like
type, were used exclusively. This type was considered best for
planting in corn because the plants make heavy growth and spread
out over the middle between rows to keep down grass and weeds.
Questions are frequently asked as to the relative value of soy-
beans, velvet beans, cowpeas, and mung beans for planting in corn.
Here, as was mentioned in a previous paragraph, both the harmful
and beneficial effects are largely in proportion to the amount of
plant growth made. The Arkansas Experiment Station reports that
cowpeas planted in corn caused a loss of 24.4 per cent corn grain;
soybeans, a loss of 25.1 per cent; velvet beans, a loss of 21.8 per
cent, and mung beans, 18.5 per cent. The heavier the legume seeding,
the heavier was the loss. The increase in the following crop the next
year was very nearly proportional to the losses the year the legumes
were grown.
Mung beans make such light growth and are so susceptible to
certain leaf diseases that, in respect to value, they are hardly in the
class with the other legumes mentioned.
If cowpeas make good growth in corn when planted at lay-by
time, they are an excellent legume for planting in corn. They do not
harm the corn appreciably if planted then and they add much fer-
tility to the soil. In some areas diseases affect them so badly that
they are not satisfactory.
Velvet beans will probably make better growth on very poor
land than any of the other legumes mentioned and they afford good
winter grazing for cattle. They are objectionable in that they vine
over the corn and tend to pull much of it down thus increasing the
amount of rotten corn.
It is usually easier to get a good stand of soybeans than of the
other legumes mentioned. They make good growth and are not
bothered by insect and fungus diseases. Soybeans do well under a
wide variety of conditions, but the actual choice of the legume to use




1. The corn and soybean experiments discussed were conducted
under rather humid conditions and on moderately fertile soil.
2. Cocke's Prolific corn and Otootan soybeans, or similar va-
rieties, were used in the tests. They are vigorous, rank-growing
varieties.
3. The soybeans planted in the row of corn when the corn was
planted invariably made good growth. They lowered the corn grain
yield 19.1 per cent the first year, 33.6 per cent the second, but in-
creased it 12.7 per cent the third, 51.7 per cent the fourth, and 35.2
per cent the fifth.
4. The soybeans grown in the corn plats just mentioned gave
an average yield of 3108 pounds of dry soybean hay per acre.
5. The soybeans decreased the weight of corn stover the first
years of the experiment, but increased it the later years. In 1933,
the last year, there was an increase of 31.8 per cent.
6. The soybeans grown in corn on the land for four years in-
creased the amount of organic matter in the soil 0.176 per cent,
and the total nitrogen present, 0.0088 per cent.
7. If both corn and soybeans are to be grown, it is more eco-
nomical to grow them both on the same land rather than on separate
acres. When grown separately, the average production per acre was
20 bushels of corn and 3089 pounds of dry bean hay, but when grown
in combination, the production per acre was 33.9 bushels of corn and
4020 pounds of hay.
8. With the same number of stalks per acre (both corn and
soybeans) there was but little difference in yield between alternate
row and "every row" planting. The differences were hardly signifi-
cant most years. Under very favorable conditions for growing corn,
the "every row" planting appears to give the best results, while
under unfavorable conditions, the alternate row plan seemed to be
best.
9. Alternate row planting is better for harvesting both the
corn and the hay.
10. Varying the rate of soybean seeding in corn gave no con-
sistent difference in corn production, either grain or stover, but an
increase in rate of seeding did increase the weight of soybean hay
produced. Rates of 10, 15, and 20 pounds of soybeans per acre were
used.
11. Turning under soybeans, on plats where they were grown
alone, increased the corn production the following year by 55.6
per cent; 162.3 per cent at the end of the second rotation, and 98.1
per cent at the end of the third.
12. Plats on which the soybeans were grown alone and cut for
hay gave an increase in corn yields the following year of 22.9 per
31
cent; an increase of 74,3 per cent the fourth year, the end of the
second rotation, and an increase of 83.9 per cent at the end of the
third rotation.
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